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Model Ly Jetsi ET™ [rain™) Limit Reference
. T T e A T — T T —T
ADD Gk +g/q Oe,u 1-4j Yes 36.1 Mo 7.7TeV n=2 1711.03301
numerous new SICS Searcnes e A A
’ ADD QBH = 2j = 37.0 My, 89TeV n=6 1708.09127
ADD BH high ¥ pr >lep 22j = 32 [Ma 82TeV.  n=6Mp=3TeV,rotBH 1606.02265
O o ADD BH mulijet - >3j - 36 | M 0.55TeV. n=6,Mp=3TeV, rotBH 151202586
RS1 Gk = yy 2y = = 36.7 | Gik mass 4.1 TeV k/Mp; =0.1 1707.04147
ro I n a a r e re I O n O a ra I I I e e r Bulk RS Gkx — WW/ZZ multi-channel 36.1 Gk mass 2.3TeV k/Mp; =1.0 1808.02380
Bulk RS Gkx = WW - qqqq Oepu 2J - 139 KK M . | k/Mp =1.0 ATLAS-CONF-2019-003
Bulk RS gkk = tt Tepu 21b,>1J2) Yes  36.1 F/m=15% 1804.10823
o 2UED/RPP leu 22b23] Yes 361 Tier (1,1), B(A®) — ) =1 1803.09678
o SSM Z' — Ut 2ep - - 139 1903.06248
V I y ° SSMZ' 11 2r - - 31 1709.07242
Leptophobic Z* — bb = 2b = 36.1 1805.09299
Leptophobic Z’ - tt leu 21b,>1J2) Yes  36.1 r/m=1% 1804.10823
SSM W’ — tv leu ~ Yes 139 CERN-EP-2019-100
SSM W’ — v liw = Yes 36.1 1801.06992
O O HVT V' —» WZ - qqqq model B O e, 2J - 139 av=3 ATLAS-CONF-2019-003
— I n m a n Ca Ses m a SS I m I tS a re n OW HVT V' — WH/ZH model B multi-channel 36.1 &= 171208518
b LRSM Wg - tb multi-channel 36.1 1807.10473
LRSM Wg — uNg 2u 14 - 80 m(Ng) =05 TeV, g = gr 190412679
Q Q O Clqqqq = 2j = 37.0 A 21.8TeV 1703.09127
approaching or, in some cases, exceedin 2 i o B B
9 b Cl tttt 2teu 21b21j Yes 361 [A 2.57 TeV Carl = 41 1811.02305
Axial-vector mediator (Dirac DM) Oeu 1-4j Yes 36.1 Mmed 1.55 TeV 8,=025, g,=1.0, m(x) = 1 GeV 1711.03301
Colored scalar mediator (Dirac DM) 0 e, u 1-4j Yes 36.1 Mmed 1.67 TeV £=1.0, m(y) = 1 GeV 1711.03301
l O TeV VWyy EFT (Dirac DM) Oep  14,51j Yes 32 (M. 700 GeV m(x) < 150 GeV 1608.02372
Scalar reson. ¢ — ty (DiracDM) 0-1e,u 1b,0-1J Yes  36.1 me 3.4TeV y=04,1=02,m(y) = 10 GeV 1812.09743
Scalar LQ 1% gen 12e 22]j Yes 36.1 LQ mass 1.4TeV p=1 1902.00377
Scalar LQ 2" gen 12p >2j Yes 36.1 LQmass. 1.56 TeV A=l 1902.00377
o Scalar LQ 3" gen 27 2b - 36.1 [ LQjmass 1.03 TeV BLQY = br) =1 190208103
. Scalar LQ 3" gen 0-1eu 2b Yes 361 LQ: mass. 970 GeV BLQY - tr) =0 1802.08103
utrememaoper, every searcn inctudaes QT Az X o
VLQ BB = Wt/Zb+ X multi-channel 36.1 B mass 1.34 TeV SU(2) doublet 1808.02343
VLQ Tsj3 Teal Ty = We+ X 2(SS)/z3euz1b21] Yes 361 [Tsamass 1.64 TeV. B(Tei3 > W)= 1, o Tos W)=1 1807.11883
. [ VLQY = Wb+ X leu z1b 21 Yes  36.1 Y mass 1.85TeV B(Y - Wh)=1, cp(Wb)= 1 1812.07343
VLQ B - Hb+ X Oep,2y 21b21j Yes 798 |Bmass 1.21 Tev kg=05 ATLAS-CONF-2018-024
akKed-In assumpuons on tne nature o Whoq Ty e T W R |one——
Excited quark ¢* — qg - 2j - 139 i only u” and d", ATLAS-CONF-2019-007
Excited quark ¢* — qy 1y 1j - 36.7 only v and d", 1709.10440
Q Excited quark b* — bg - 1b,1) - 361 26TeV 1805.09299
n e W a rt I C e S L Excited lepton (* 3en = e 20.3 A=3.0TeV 1411.2921
° Excited lepton v* 3eut - = 20.3 A=16TeV 1411.2921
Type IIl Seesaw len 22j Yes 798 | N°mass 560 GeV' ATLAS-CONF-2018-020
LRSM Majorana v 2p 2j - 361 [Npmass 32TeV m(We) =41TeV, g = gr 1809.11105
Higgs triplet H** — ¢ 234eu(8S) - - 36.1 H** mass 870 GeV DY production 1710.09748
. . . Higgs triplet H** — (t Sequt = N 203 DY production, B(H;* = (r) =1 1411.2921
— One of the most ubiquitous is that new Eree D
Magnetic monopoles - - - 34.4 | monopole mass 2.37 TeV DY production, |g] = 1gp, spin 1/2 1905.10130
Vs=13TeV I | " L PR | L L Lol L " i

partial data
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p a rt I C IeS W I l l b e S h O rt— l I Ve d *Only a selection of the available mass limits on new states or phenomena is shown. NasseAb [TeV]

‘+Small-radius (large-radius) jets are denoted by the letter j (J).




Long-lived particles

Challenging these assumptions is more important than ever as we continue to find no significant evidence of
BSM physics at the LHC

Long-lived particles (LLP) in particular are predicted by a wide range of theoretical models:
— Small coupling constants --- e.g., SUSY with R-parity violating (RPV) couplings
— Very off-shell intermediate decay products --- e.g., split SUSY where heavy intermediate squarks enhance the gluino lifetime

- Limited decay phase space --- e.g., AMSB SUSY where the lightest neutralino and chargino are nearly degenerate

Grapl_vir: credit: Heather Russell
’
.

displaced mulfi-track disapple‘earing t’raéks ‘
* Experimentally, these models resultin a rich Jertices in ILIFIRE L& . non-prompt
jets, leptons . photons l

cornucopia of possible signatures in our detectors Af et

B R

Both ATLAS and CMS have extensive programs of displace8epians lepid
jets, or lepton pairs

searches for these signatures and have set limits
on them across many orders of magnitude in stable or meta-stable
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Recent searches

Luminosity [fb"]

* Far too many searches just from the past [Er—— ehiS 16.1
year to cover in detail here: Z + displaced jetin calo.  ATLAS 36.1
Displaced jets in MS ATLAS 36.1

— A few of the most recent results from ATLAS and

) ) B Displaced jets CMS 35.9

CMS will be hlghllghted here Multi-charged particles ATLAS 36.1

— Therest are linked to their public results pages  Heavy charged particles ~ ATLAS 36.1
in the table Displaced jets in calo. ATLAS 10.8/33.0

* See also complementary talks at this s o ATLAS 136
WO rkShOp: Heavy neutral leptons ATLAS 32.9-36.1

) Highly ionizing particles/  ATLAS 34.4

— Dark sector searches at the LHC by M. Saimpert monopoles

(later in today’s session) Delayed jets CMS 137

- Prompt RPV searches at the LHC by R. Carney \?é‘:'g::a;csed lepton ATLAS 32.8

(tomorrow’s session) Dark photon jets ATLAS 36.1

MT2 + disappearing track CMS 137

Delayed photons CMS 77.4


http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-18-001/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2017-24/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2017-05/
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-18-007/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2017-13/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-32/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2017-25/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2017-26/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2017-20/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2017-20/
http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-19-005/index.html
https://indico.cern.ch/event/754031/contributions/3522747/
https://indico.cern.ch/event/754031/contributions/3522755/
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* Search for neutral LLPs decaying to photons: S LR
— Photons arrive late at the ECAL > KB e : . ik T
* Delayed photons can occur, e.g., in GMSB: ;s Y i v

— Long-lived neutralino produced via squark/gluino ;
pair production '

— Decay to photons => one or two delayed photons

o | - 13 Tev w q

g’ I .= TR TR S SO N O ) =S <q

g [ hreimiay Jeefac . . . .
R B N S * Photon arrival time (t,) is one of the main

+ 2017 (41 51’0‘)

observables:

— Weighted average of timestamps from each ECAL
crystal in the photon cluster

— Weighted by ECAL time resolutions obtained from
M— dedicated measurement as a function of effective
‘ - ___i_____:::::::::::::::::::::Ig:: crystal amplitude 5

A4l 0,



https://arxiv.org/abs/1909.06166
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415107 (13 Tev)

A10° |
* The other main observable is missing transverse momentum (p;miss) S ,‘;‘,ﬂﬂﬁ,na,,,
L%ms —_—t Dala[p * <100 GeV] (Scaled x0.079)
 Background estimated using an ABCD method with t, and pmiss: 10 o ot A Ten ae 200 2100GeY
— Fit for background yield and signal strength simultaneously in all four regions ©
10°
- Background is lowest in high t,, high p,miss region, making it the most sensitive 10°
. . . . . 10
* Observation in each region consistent with expected backgrounds ¥ i
+ Limits placed on long-lived neutralino production in the context of GMSB  *'& *
102 '
77410 (13 TeY) 1075 ‘ S
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i | CMS Obs 7 TeV y ] = ——+—— Datalt,<1.0ns] (Scaled x0.011)
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https://arxiv.org/abs/1909.06166

Submitted to EPJC

arXiv:1909.01246

* Search for displaced decays of dark photons
produced from the decay of the Higgs boson to
dark fermions:

— Targets collimated fermions coming from the decay
of a light LLP (dark photon jet (DPJ))

- Very different signature from the decay of a heavy
LLP

* Two types of DPJs considered, each with
distinct backgrouds:

— BDTs used to isolate signal

* Three signal regions defined based on the types
of the two leading DPJs in selected events:

~ WDPJ-uDPJ, uDPJ-hDPJ, or hDPJ-hDPJ

Type of DPJ Definition Dominant
background

Muonic-DPJ (uDPJ)
Hadronic-DPJ (hDPJ)

>2 muons within AR < 0.4 Cosmic muons

Hadronic jet with ECAL QCD multi-jet
energy fraction < 0.4 events


https://arxiv.org/abs/1909.01246

Submitted to EPJC

Displaced dark photon jets  anasooise

20
S P ATLAS

. : , g : g ATLAS Simulation |
* Background from cosmic rays estimated using 3 16E-- et T S
empty-bunch-crossing data - A, LR - Hﬁz%g’d.ﬁs.:fmev

* Multi-jet background estimated using ABCD
method:

—_
o
15 5 T [

Max in AR

e

Max in AR
Qp

— Maximum track isolation (low in signal)
- |A®| (high in signal)

* Observation consistent with expectation in all

. . W
three signal regions 107 -
* Limits placed on long-lived dark photon
production via Higgs decay: los
— Kinetic mixing term, g, between SM and dark photon ;
fields determines dark photon lifetime - ATLAS
] 1o-7 LI B(H) =20% FRVZ Model
* Very nicely complements results from searches for S 80% CL exclusions
prompt and displaced dark photons from Run 1 e s Runaprompe MW= 125 Gev
== B(H) = 10 % Run-1 displaced H> 2|Yd +X
10°° 0!2 0f3 0!4 0!5 0!6 0!7 0!80!9 1 2!0

Dark Photon Mass [GeV]


https://arxiv.org/abs/1909.01246

D - \ A ye d J etS Phys. Lett. B 797 (2019) 134876

* Search for LLPs decaying to hadronic jets using the full Run 2 data set:
— Shower would arrive late at the ECAL
— Targeting decays beyond the acceptance of the tracker

* This signature can occur, e.g., in GMSB:

— Pair produced gluinos become long-lived via the small coupling to the gravitino .

* First search to look for this kind of topology, and the first to use ECAL .
timing to tag delayed jets

05
00 —150 —100 50 O 50 100 150 200

X (cm)
1500 5 a * Extensive quality selections remove a wide array of backgrounds:
- — Direct interactions with ECAL front-end
€ 1000 - .
o — Satellite bunches
o
= — Beam halo deposits in ECAL
O 500 b b b
— Cosmic muon deposits in ECAL
(N P | | | ' | — Noise deposits
40 <30 20 -10 0 10 20 30 * Theseselectionsreduce the background by many orders of
Time (ns) magnitude

Phys. Rev. Spec. Top. Accel. Beams 15 (2012) 032803 9


https://doi.org/10.1016/j.physletb.2019.134876
http://dx.doi.org/10.1103/PhysRevSTAB.15.032803

D - \ A ye d J etS Phys. Lett. B 797 (2019) 134876

137107 (13 TeV)

* Remaining background from beam halo, satellite bunches, and g 10 s o
] |-0 3 servation
cosmic muons: S :Z L) Gore an sttt bunon saokground
o = [ Beam halo muon background
— Each predicted with independent ABCD methods defined with the cleaning L«% " e zziﬁﬂjiiﬁgﬁﬂiﬁiﬂfm
variables targeting each background N e 2 O GIISB my= 2100 Geti cx =30 m
* 1.1-1.1+2.5 events predicted in signal region (t;.. > 3 ns): 107 _—
107
— No events observed -
* Limits placed on long-lived gluino production in the context of GMSB: 10
— Beautifully complements the previous displaced jets search from CMS A 4 6 8 10 t 12( )
et ns
o 137 b (13 TeV) CMS 1371 (13 Tev)
B‘- % T T T TTTTT T T T 1T IIII T T T T IIII| T T T T Illg ; —TT — T —TT — T — §
% - CMS 95 % CL upper limits - 3 <
o o . - n e 95% CL observed 10, K=
Z10°E PP~ 00 g>g+ G T Oheened E e 95% CL ed +1 3
& [ m=2400GeV - Expected median +10,,, . 1 = RS SREREE Ceinnd P
w - n 7]
§ 10° E_ ______ Expected median 2 o, ... _E‘ 1 §
S - CMS displaced jets (36 fb™) . ’g
g E ...... NLONLL 0y, (PP ~ § 8) 3 g
8 1 / 4 j
S ; 100
| :-.._____________________....--—“"" n BQ
O, - e
o107 & 3
2 :
10—2 1 1 IIIIII| 1 1 lllIIII 1 1 lIIlIll 1 1 11 111l

10

-y
olll

10 10° 10*

107

) 3 35 4 45 5

CTO (mm log (ct/mm)


https://doi.org/10.1016/j.physletb.2019.134876
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* Model-independent search for long-lived
particles decaying to pairs of leptons (e/u) 2

150F 3 o5

* Large radius tracking/dedicated displaced | - ;
vertex (DV) reconstruction run on events 505_
passing preselection:

Fraction of volume vetoed

Bl b=l e e el e r e e e L [ Sl s Be el i e ] e
—%00 —-200 -100 O 190 200 300
ATLAS z [mm]

— DVs required to be associated with two, Material veto
oppositely-charged leptons

— DVsdirectly in front of disabled pixel modules
vetoed

Fraction of volume vetoed

— DVs with electrons originating in material
vetoed

-0
ATLAS z [mm] 11

-300 -200 -100 O 100 200 300


https://arxiv.org/abs/1907.10037
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* Background dominated by muons from cosmic rays
reconstructed as two back-to-back muons:

T I T T T T
ATLAS
/s=13TeV, 32.8 fo’
Cosmic rays control region

I Al dimuon pairs (scaled)
—e— DV matched dimuon pairs

— Reject lepton pairs with
ARCOS = \/(|A¢| - 7[)2 + (771 + 772)2 < 0.01

* Remaining background estimated with a control region of
back-to-back muons not required to form a DV:

Dimuon pairs

L1 IIIIII|

— Normalized using the subset with a matched DV —> E
e Subdominant background from randomly crossing tracks: .
— Estimated by randomly mixing tracks from separate events to \ 3 I o _
measure how often they form a DV 0 0005 001 0015 002 0.025 AF{co.os
background source estimate
cosmic-ray muons 0.27 + 0.14 (stat) + 0.10 (syst)

random crossings  0.0024 £ 0.0005 (stat) £ 0.0015 (syst)

12
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10°L Alllimits at 95% CL 10°L Alllimits at 95% CL
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* Results interpreted in terms of long-

102

lived neutralinos produced via 0

Upper limit on cross-section [fb]

squark pair production: i e ]
— Lifetime genergted bysmall.lepton- e P e S R o e B
number-violating RPV couplings ot [mm] ct [mm]

— RPV decay with one dominant coupling:
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* Both ATLAS and CMS have very extensive and rich programs of searches for new long-lived
particles:

— Afew of the most recent results were highlighted here

* These searches often challenge our technical skills and creativity, but they are also very
rewarding;

- Considering "unconventional" signatures, making full use of the excellent capabilities of our detectors and
introducing new analysis techniques, lets us probe previously unexplored regions of phase space, and
hence significantly increase our discovery potential!

- Also, more conventional searches are being reinterpreted in the context of models with LLPs to
understand their sensitivity to such signatures and their complementarity with dedicated LLP searches

* Stay tuned for more LLP results from the LHC, using the full Run 2 data set and beyond!

- The systematic exploration of the vast LLP landscape is really beginning in earnest, and this will be a key
feature of the hunt for BSM physics in Run 3

14
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ATLAS LLP search summary

ATLAS Long-lived Particle Searches* - 95% CL Exclusion
Status: July 2019

ATLAS Preliminary
[Ldt=(18.4-36.1)fbVs5=8,13 TeV

Model Signature  [£dt[b™] Lifetime limit Reference
RPV x2 — eev/epv/uuy  displaced lepton pair ~ 20.3 | x3 !ife;imel B S — IR o '"(g): ;-'3|Te‘/v '"leg)zl1-<; TeIVI 1504.05162
GGM ¢ - ZG displaced vtx + jets 20.3 x‘; lifetime m(g)=1.1TeV, m(x3)= 1.0 TeV 1504.05162
GGM )(? - 7G displaced dimuon 32.9 X‘; lifetime 0.029-18.0 m m(g)=1.1TeV, m(x3)=1.0 TeV 1808.03057
GMSB non-pointing or delayed y 20.3 | x? lifetime _ SPS8 with A= 200 TeV 1409.5542
AMSB pp — xixS.xTx;  disappearing track 203 | j lifetime _ m(x¥)= 450 GeV 1310.3675
AMSB pp — xix3.x{x;  disappearingtrack  36.1 [ x7 lifetime 0.057-1.53 m m(x} )= 450 GeV 1712.02118
AMSB pp — x50 xix7  large pixel dE/dx 184 | x7 lifetime . 13190m m(x;)= 450 GeV 1506.05332
Stealth SUSY 2 MS vertices 36.1 S lifetime 0.1-519 m B(g — 5g)= 0.1, m(g)= 500 Ge' 1811.07370
Split SUSY large pixel dE/dx 36.1 g lifetime >09m m(g)= 1.8 TeV, m(x3)= 100 GeV 1808.04095
Split SUSY displaced vix + E}“iss 32.8 g lifetime 0.03-13.2m m(g)=1.8TeV, m(x?)= 100 GeV 1710.04901
Split SUSY 0¢,2-6jets +EM=  36.1 g lifetime 0.0-2.1 m m(g)=1.8TeV, m(x])=100 GeV | ATLAS-CONF-2018-003
H—ss low-EMF trk-less jets, MS vtx 36.1 s lifetime 0.18-120 m m(s)= 25 GeV 1902.03094
FRVZ H - 2y4 + X 2 e—, p-jets 203 |[FANIEHE 0-3 mm m(yq)= 400 MeV 1511.05542
FRVZH - 2yq + X 2 e-, u—, n-jets 36.1 | ya lifetime 1.5-284 mm m(y4)= 400 MeV CERN-EP-2019-140
FRVZH - 4yq + X 2 e—, u—, n—jets 36.1 4 lifetime 3.7-178 mm m(yq)= 400 MeV CERN-EP-2019-140
H—- Z4Z,4 displaced dimuon 32.9 Z4 lifetime 0.009-24.0 m m(Z4)= 40 GeV 1808.03057
H— ZZ,4 2 e, + low-EMF trackless jet 36.1 Z4 lifetime 0.21-5.2m m(Z4)=10 GeV 1811.02542
VH with H — ss — bbbb 1 —2( + multi-b-jets 36.1 s lifetime  0-3 mm B(H — ss)=1, m(s)= 60 GeV 1806.07355
®(200 GeV) — s's low-EMF trk-less jets, MS vitx 36.1 s lifetime 0.41-51.5m o x B=1pb, m(s)= 50 GeV 1902.03094
(600 GeV) > ss low-EMF trk-less jets, MS vtx 36.1 s lifetime 0.04-21.5m o x B=1pb, m(s)= 50 GeV 1902.03094
d(1TeV) > ss low-EMF trk-less jets, MS vtx 36.1 s lifetime 0.06-52.4 m o x B=1pb, m(s)= 150 GeV| 1902.03094
HV Z'(1 TeV) - quqyv 2 ID/MS vertices 20.3 s lifetime o x B=1pb, m(s)= 50 GeV 1504.03634

I HV Z'(2 TeV) - quqy 2 ID/MS vertices 20.3 s lifetime : oxB=1 plb, m(s)= 50 GeV 1504.03634
0.01 100 cT [m]
] o 16
Lol 1ol Ll MR | L1l MR A
0.01 0.1 1 10 100

*Only a selection of the available lifetime limits is shown.

7 [ns]



CMS LLP search summary

RPV UDD, g—+tbs, mg = 2200 GeV
RPV UDD, g—ths, my= 2200 GeV
RPV UDD, t—dd, mi = 1300 GeV
RPV UDD, t—dd, mi= 1300 GeV
RPV LQD, t—bl, mi= 600 GeV
RPV LQD, t—bl, mi= 600 GeV
RPV LQD, t—=bl, mi= 1300 GeV

R TR T T R R =T = T

GMSB, §—+gG, mg =2100 GeV

GMSB, §—gG, mg = 2100 GeV

split SUSY, d-+ggx?, my = 1300 GeV

Split SUSY (H5CP), fi; = 0.1, ms = 1600 GeV
mMGMSB (HSCP) tang= 10, g =0, ms = 247 GeV
Stopped f, t+ty, mi = 700 GeV

Stopped §. d-qay?, £, =0.1 m; = 1300 GeV
Stopped &, §—qgxs (LUXT ) Gz = 0.1, m; =940 GeV
AMSE, x = —xim =, m,+ =505 GeV
GMSB 5PS8, ¥'—y 6, my = 400 GeV

B e ree e e M WD D

:%H

H-+XX{10%), X—ee, my =125 GeV, my =20 GeV  x
H=XX(10%]), X—pp, my = 125 GeV, my =20 GeV  x
dark QCD, Ma, =5 GEV, my, = 1200 GeV Xon

Overview of CMS long-lived particle searches

CMS preliminary

3-137fb71 (8, 13 TeV)

1801.00359 (Delayed pp)

CMS-PAS-EXO-19-005 (Defayed v(y) [0 026 )

1074 103 1072 1071 10° 101 102

ct [m]

Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included). The y-axis tick labels indicate the studied long-lived particle.
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36 b1 (13 TeV)
3fb-1 (13 Tev)
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36 ' (13 TeV)
137 fb* (13 TeV)
36 o=t (13 TeV)
13 ' (13 TeV)
13 o=t (13 TeV)
39 b1 (13 TeV)
39 b1 (13 TeV)
39 bt (13 TeV)
38 b=t (13 TeV)
77t (13 TeV)

20 fo=t (8 TeV)
20 fo-1 (B TeV)
16 o' (13 TeV)
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